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USE OF IL-18 INHIBITORS 

5 Field of the invention 

The present invention relates to tumor metastasis and means to inhibit it. More 
specifically, the invention relates to prevention of tumor metastasis by inhibiting the 
production and/or action of interleukin-18 (IL-18). 

10 Background of the invention 

The adhesion of circulating cancer cells to capillary endothelium is a critical step 
in the genesis of metastasis (1,2). Vascular cell adhesion molecule- 1 (VCAM-1), a 
member of the immunoglobulin superfamily, mediates the adhesion of hematopoietic 
cells and activated leukocytes to proinflammatory cytokine-activated endothelial cells 
15 (3-5). However, the adhesive function of VCAM-1 may be usurped by animal and 
human cancer cells to potentiate experimental metastatic spread (6). 

For example, IL-lp and TNF-a are known to potentiate the metastasis of 
VLA-4-expressing melanoma cells in lung tissue by a mechanism that involves the 
up-regulation of VCAM-1 expression by endothelial cells (7-9). It has also been 

20 demonstrated that IL-1 and TNF-a significantly contribute to hepatic colonization of 
B16M cells both in normal and lipopolysaccharide-treated mice (7,8,10-20). In addition, 
mannose receptor-mediated hepatic sinusoidal endothelium (HSE) cell activation 
involves autocrine IL-ip-mediated HSE cell expression of VCAM-1, leading to 
increased B16M cell adhesion and metastasis (21). It was also shown that 

25 IL-lp-activated HSE cells release VLA-4-stimulating factors, which potentiate B16M 

1 



wo 01/07480 



PCT/ILOO/00419 



cell adhesion to HSE cells (11). Thus, IL-lp induces VCAM-1 expression and 
VLA-4-stimulating factor release from HSE cells, which may confer upon them an 
ability to create a prometastatic microenvironment for certain intrasinusoidally-arrested 
VLA-4-expressing cancer cells. 

5 However, blocking IL-ip and TNF-a led to only a partial metastasis abrogation, 

indicating that other factors either compensating for their absence, or acting via 
alternative pathways are also involved. Furthermore, most of metastasizing cancer cells 
and the target tissues are unable to produce these pro-inflammatory cytokines. Moreover, 
endotoxin or mannose receptor ligand concentration usually does not sufficiently 
10 increase to induce proinflammatory cytokine release. Hence, the multiple mediators that 
evoke VCAM-1 upregulation and its involvement during capillary transit of cancer cells 
are not well characterized. 

IL-18 (IFNy-inducing factor) is a novel cytokine that shares structural features 
with the IL-1 family of proteins (22) and functional properties with IL-12 (23). It has 
15 been reported that IL-18 production from Kupffer cells activates both TNF-a and FAS 
ligand-mediated hepatotoxic pathways in endotoxin-induced liver injury (24). More 
recently, it has been revealed that IL-18 also possesses proinflammatory properties by 

direct stimulation of gene expression and synthesis of TNF-a from CD3"^/CD4"^ and 

natural killer cells with subsequent production of IL-lp and IL-8 from the CD 14"^ 
20 population, thereby revealing an unexpected pivotal position of IL-18 in the cytokine 
hierarchy (25). However, its possible role in cancer metastasis has not yet been 
elucidated. 

An interleukin-18 binding protein (IL-18BP) was purified from urine by 
25 chromatography on IL-18 beads, sequenced, cloned and expressed in COS7 cells. 

9 
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IL-18BP abolished IL-18 induction of interferon-y (IFN-y), IL-8 and activation of 
NF-kB in vitro. Administration of IL-18BP to mice abrogated circulating IFN-y 
following LPS. Thus, IL-18BP functions as an inhibitor of the early Thl cytokine 
response. IL-18BP is constitutively expressed in the spleen, belongs to the 
5 immunoglobulin superfamily and has limited homology to the IL-1 type II receptor. Its 
gene was localized on human chromosome llql3 and no exon coding for a 
transmembrane domain was found in an 8.3 kb genomic sequence. Several Poxviruses 
encode putative proteins highly homologous to IL-18BP, suggesting that viral products 
may attenuate IL-18 and interfere with the cytotoxic T-cell response (28 and WO 
10 99/09063). As described more particularly in WO 99/09063, IL-18BP and muteins, 
fused proteins, functional derivatives, active fractions or circularly permutated 
derivatives and mixtures thereof are capable of binding to IL-18 and/or capable of 
modulating the activity of IL-18 and/or capable of blocking the activity of IL-18. 

15 Summary of the invention 

The present invention provides for the use of inhibitors of IL-18 production 
and/or action in the preparation of medicaments to inhibit tumor metastasis. 

20 Inhibitors of IL-18 production are e.g. inhibitors of caspase-L 

The inhibitors of IL-18 action are selected from antibodies against IL-18, 
antibodies against any of the IL-18 receptor subunits, inhibitors of the IL-18 receptor 
signaling pathway, antagonists of IL-18 which compete with IL-18 and block the IL-18 
25 receptor, and IL-18BPs, muteins, fused proteins, functional derivatives, active fractions 
or circularly permutated derivatives thereof which bind IL-18. 
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Preferably the inhibitors used are IL-18BPs, or a mutein, fused protein, functional 
derivative, active fraction or circularly permutated derivative thereof which has the same 
activity as IL-18BP. 

5 

Pharmaceutical compositions for inhibition of IL-18 production and/or action to 
inhibit tumor metastatis are also provided by the present invention. 

Another way of inhibiting IL-18 production and/or action, in order to inhibit 
tumor metastatis, is the introduction into the body of an expression vector comprising the 
10 coding sequence for an IL-18 production and/or action inhibitor, such as an IL-18BP. 

Brief description of the figures 

Fig, 1. Experimental hepatic colonization after intrasplenic B16M cell injection 

in the wild type, IL-lp"/" and ICE"/' mice. Livers were removed on day 10 after B16M 
15 cell injection and fixed in phosphate buffered saline with 10% formaldehyde. Almost all 

experimental metastases (black melanotic nodules) were eradicated from IL-lp"/" and 

ICE'/' mouse livers. 

Fig. 2 Effect of irreversible ICE inhibitor and anti-mouse IL-18 antibody on 
B16M cell adhesion to HSE cells, and IL-lp and TNF-a production from untreated and 

20 B16M-CM-treated HSE. Cultured HSE cells were incubated in the presence of 
B16M-CM for 10 h. In some experiments, both untreated and treated HSE cells received 
10 |iM ICEi or 10 |ig/ml anti-mouse IL-18 antibody before B16M-CM. The percentage 
of B16M cells adhered to HSE substrate was calculated as relative value with respect to 
the initial number of added cells. In addition, the culture supernatants were recovered 

25 before adhesion to determine IL-lp and TNF-a concentration by ELISA. Data represent 
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the mean ±SD of 4 separate experiments, each in sextuplicate (n=24). The augmentation 
of B16M cell adhesion to B16M-CM-treated HSE and of IL-lp or TNF-a production 
with respect to untreated HSE (*P<0.01) were statistically significant according to the 
Student's two-tailed, unpaired t-test. There were non-statistically significant changes in 
5 IL-lp or TNF-a production and in adhesion of B16M cells to HSE cells when these 
were treated with ICEi or anti-IL- 1 8 antibody in the absence of B 1 6M-CM (data not 
shown). 

Fig. 3. Effect of ICEi on B16M cell adhesion to B 1 6M-CM-treated HSE in 
vitro. HSE cells were incubated with basal medium or B16M-CM for 8 h. Some HSE 

10 cells received 10 |liM ICEi for 18 h before B16M-CM. In addition, 1 ng/ml recombinant 
murine IL-lp was also added to some HSE cells together with B16M-CM for 8 h. In 
other experiments, HSE cells received 1 ng/ml murine IL-lp or 100 pg/ml TNF-a for 6 
h, and 10 |ig/ml rabbit anti-mouse IL-18 polyclonal antibody was added or not 1 h before 
the cytokine treatment. Non-specific IgG polyclonal antibody was also added to 

15 untreated and cytokine-treated HSE cells. Then, HSE cells were washed and 
BCEFCF-AM-labeled B16M cells were added and washed again 8 min later. The 
percentage of B16M cells adhered to HSE substrate was calculated as relative value with 
respect to the initial number of added cells. The results represent the mean ±SD of three 
separate experiments, each in sextuplicate (n=18). Differences in the degree of adhesion 

20 with respect to untreated HSE (*) and to IL-lp or TNF-a-treated HSE (**) were 
statistically significant (P<0.01), according to the Student's two-tailed, unpaired /-test. 
Non-statistically significant changes in adhesion of B16M cells to other ICEi-treated 
control HSE which additionally received or not 1 ng/ml murine IL-lp for 8 h (data not 
shown). 

25 Fig. 4. In vitro B16M cells adhesion to IL-18-treated HSE. HSE cells were 

incubated with 1 ng/ml recombinant murine IL-18 for 6 hours. In some experiments, 10 

5 
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fig/ml TNF-sRp55 or 100 ng/ml IL-lRa was added 10 min before IL-18. In other 
experiments, 10 |ig/ml anti-VCAM-1 antibody or a similar concentration of non-specific 
anti-mouse IgG was added to HSE cells 30 min before B16M cells. Then, B16M cell 
adhesion percentage was determined as described hereinbelow in the examples. The 
5 resuhs represent the mean ±SD of three separate experiments, each in sextupHcate 
(n=18). Differences in the degree of adhesion with respect to basal medium-treated HSE 
(*) and to IL- 1 8-treated HSE (**) were statistically significant (P<0,01), according to 
the Student's two-tailed, unpaired /-test. 

10 Detailed description of the invention 

Several proinflammatory cytokines, including interleukin (IL)-lp and tumor 
necrosis factor-alpha (TNF-a), promote the adhesion of cancer cells to endothelial cells, 
thereby leading to metastatic spread of tumors. These proinflammatory cytokines 
promote adhesion and metastasis probably by inducing the vascular cell adhesion 

15 molecule- 1 (VCAM-1). The present invention shows that treatment of primary cultured 
murine HSE cells with conditioned medium (CM) from B16 melanoma (B16M) cell 
cultures (B16M-CM) promotes the adhesion between B16M and HSE cells in vitro. 
B16M-CM also induces the production of IL-lp and TNF-a by HSE cells in vitro. 
However, it has not been clearly demonstrated that tumor metastasis is indeed mediated 

20 by IL-lp and TNF-a. 

The present invention shows that B16M-CM induces the production of IL-18 by 
HSE cells and that IL-18 is the cytokine contributing to increased adhesion of B16M 
cells to HSE cells. IL-18 enhances adhesion by activating VCAM-1 expression in HSE 
25 cells without the involvement of TNF-a or ILlp. Incubation of HSE cells with a specific 
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caspase-1 inhibitor (10 |iM, 18 h) completely abrogates B 1 6M-CM--induced 
adhesiveness without decreasing TNF-a production, and the effect is not reverted by 
addition of mouse IL-ip. Addition of anti-murine IL-18 antibody to HSE cells prevents 
B 1 6M-CM-induced adhesiveness, without interfering with B16M-CM-induction of 
5 IL-lp and TNF-a. Similarly, the recently cloned IL-18 binding protein (IL-18BP) also 
prevents B16M-CM-induced adhesiveness of B16M to HSE cells in vitro. Inhibitors of 
TNF-a and IL-lp such as the p55 soluble TNF-receptor or the IL-1 receptor antagonist 
were unable to reverse this IL-18-induced adhesion. Thus, the present invention provides 
inhibitors of IL-18 production and action as tools to inhibit tumor metastasis. Inhibitors 

10 of IL-18 production include inhibitors of caspase-1. Inhibitors of IL-18 action are 
selected from a group consisting from antibodies directed against IL-18, antibodies 
directed against any one of the two known IL-18 receptor subunits, inhibitors of the 
IL-18 receptor signalling pathway, antagonists of IL-18, which compete with IL-18 and 
block the IL-18 receptor and IL-18 binding proteins, which bind IL-18 and block its 

15 biological activity. 

The present invention relates to the possible role of IL- 1 8 in the proinflammatory 
cytokine-mediated upregulation of VCAM-1 expression, its possible interaction with 
other cytokines and means to prevent this induction of VCAM-l. It was found in 
accordance with present invention that IL-18 is operating in the initiation of 

20 proinflammatory events leading to VCAM-1 upregulation in the hepatic sinusoidal wall 
and hence, facilitating cancer cell adhesion and metastasis. Primary cultured mouse HSE 
cells treated with B16M-CM were used as a cancer cell-dependent endothelial cell 
activation model in order to explore the role of B16M cell-induced IL-18 on the 
mechanism of B16M cell adhesion to HSE by a VC AM- 1 -dependent mechanism. The 

25 specific role of IL-18 was examined under conditions of specific IL-1 receptor-blockade 
with the use of IL-1 Ra, mature IL-lp and IL-18 secretion inhibition using an irreversible 
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IL-1 converting enzyme inhibitor (ICEi), TNF- blockade using the p55 TNF- soluble 
receptor (TNF-sR p55) and IL-1 8 function blockade using anti-IL-18 antibodies and 

IL-1 8 binding protein. In addition, B16M cells were intrasplenically injected in ICE"/" 
and IL-lp"/" mice. The low metastasis density observed in the deficient mice as 
5 compared with normal controls suggests the involvement of ILlp and possibly IL-1 8 in 
the prometastatic role of inflammation (Table 1). 

The in vitro experiments carried out show that IL-I8 production accounts for the 
HSE adhesion-stimulating effects induced by supematants derived from B16M cells. 
Since VCAM-1 upregulation accounts for all adhesion-stimulating activity of 

10 B16M-CM-treated HSE, the data indicate that IL-1 8 mediates expression of VCAM-1 
from cytokine-induced HSE. Furthermore, antibodies to IL-1 8 decreased 
B16M-CM-inhibited cell adhesion without affecting the production of TNF-a and IL-lp 
from HSE cells. Therefore, production of IL-lp and TNF-a in HSE cells was 
IL-18-independent and did not contribute to adhesion. Conversely, neither TNF-sR p55 

15 nor IL-lRa were able to inhibit adhesion increase in IL- 1 8-treated HSE cells, confirming 
that neither autocrine TNF-a nor IL-lp accounted for IL-18-induced HSE adhesiveness. 

The results in HSE cells are in contrast to those obtained in other cellular systems, 

as for example non CD 14"^ human blood mononuclear cells (25), where IL-1 8 induced 
IL-ip via TNF-a production. It is likely that an HSE-specific proinflammatory cytokine 
20 hierarchy exists in which TNF-a and IL-ip are independent from IL-1 8 control, but are 
using IL-1 8 as a downstream mediator of VCAM-1 upregulation. 

Unlike murine HSE cells, B16M cells did not express the IL-1 8 gene as checked 
by RT-PCR, and incubation with ICEi for 18 h did not abrogate cytokine- and 
adhesion-stimulating activities of B16M-CM on HSE cells. However, local production 
25 of IL-1 8 may influence B16M cell behavior during its transit or arrest in the hepatic 

8 
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microvasculature. An additional finding was that B16M cell incubation with 1 ng/ml 
murine IL-18 for 6 h increased by 2-fold their adhesion to untreated HSE, and addition 
of anti-VCAM-1 antibody to HSE decreased IL-18-mediated adhesion by 80%, 
suggesting that VCAM-lA^LA-4 interaction was involved. Similarly, B16M cells 
5 receiving the supernatant from B16M-CM-treated HSE for 6 h also significantly 
(P<0,01) increased by 2-fold their adhesion to HSE by VC AM- 1 -dependent mechanism 
and anti-IL-18 antibody abolished this adhesion-stimulating effect. 

The findings in accordance with the present invention suggest that IL-18 is a new 
10 link betv/een hepatic release of proinflammatory cytokines and metastasis development. 
Its production from tumor-activated HSE cells determines two complementary 
mechanisms involved in the regulation of melanoma cell adhesion to HSE cells: an 
autocrine mechanism in HSE, which controls TNF-a/IL-lp-mediated VCAM-1 
upregulation, and a paracrine mechanism in B16M cells, which upregulates melanoma 
15 cell VLA-4, potentiating their VCAM-1 -dependent adhesion capacity. This simultaneous 
molecular upregulation of both cell adhesion counterparts make highly valuable the 
cancer-capillary endothelial cell interaction pathway. 

The IL-18-induced adhesion of B16M cells is abrogated by inhibitors of IL-18 
production and/or action. Inhibitors of IL-18 production include inhibitors of caspase-1. 
20 Inhibitors of IL-18 action are selected from a group consisting from antibodies directed 
against IL-18, antibodies directed against any one of the two known IL-18 receptor 
subunits, inhibitors of the IL-18 receptor signalling pathway, antagonists of IL-18, which 
compete with IL-18 and block the IL-18 receptor, and IL-18 binding proteins, which 
bind IL-1 8 and block its biological activity. 

25 In addition to the direct use of inhibitors of IL-18 production and/or action, the 

present invention also contemplates introduction into cells where the IL-18 production 
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and/or action inhibiting effect is desired. For this purpose a system for specific 
introduction of, e.g. the DNA encoding an IL-18BP into the cells is necessary. Several 
possibilities for doing this are known in the art. For example, a suitable vector carrying 
the above DNA may be introduced into cells, the vector being capable of effecting the 
5 insertion of the DNA into the cells in a way such that the DNA is expressed in the cells. 
Deliver>^ methods into cells are described among others, e.g. in US patent 5,910, 487, 
W099/29349, and others. 

Pharmaceutical compositions in accordance with the invention for the inhibition 
of IL-18 production and/or action are those which comprise, as active ingredient an 
10 inhibitor selected from a caspase-1 inhibitor, an antibody against IL-18, an antibody 
against any of the IL-18 receptor subunits, an inhibitor of the IL-18 receptor signaling 
pathway, an antagonist which competes with IL-18 and blocks the IL-18 receptor and 
IL-18BP or a mutein, fused protein, functional derivative, active fraction or circularly 
permutated derivative thereof which has the same activity. 

15 The tenns mutein, fused protein, functional derivative, active fraction and 

circularly permutated derivative have the same meaning as in WO 99/09063. 

Antibodies to IL-18 and IL-18BPs are the preferred active ingredients of the 
pharmaceutical compositions. 

The pharmaceutical compositions may also comprise conventional carriers, 
20 excipients and other ingredients known in the art, depending on their manner of 
application, i.e. injection, oral or any other way known in the art. 

The particular dosage will depend on the manner of application, the body weight 
of the patient and other factors and will in any case be determined by the physician. 

Having now described the invention, the same will be more readily understood 
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through reference to the following examples that are provided by way of illustration and 
are not intended to be limiting of the present invention. 

Examples: 

Reagents: 

5 Rat anti-mouse IgG and rat anti-mouse VCAM-1 monoclonal antibody 

were obtained from Serotec Ltd. (Oxford, England). Recombinant murine IL-lp 
was obtained from R&D System Inc. (Minneapolis, MN). Recombinant human 
IL-1 receptor antagonist (IL-lRa was a kind gift from The Upjohn Co., 
Kalamazoo, MI) and human p55 TNF soluble receptor (TNFsR p55) was a kind 
10 gift from Serono Inc., Norwell, MA. IL-lp converting enzyme inhibitor (ICEi) 
was obtained from Alexis Co. (San Diego, CA). Recombinant murine IL-1 8 and 
rabbit anti-mouse IL-1 8 polyclonal antibody IgG was purchased from PeproTech 
EC Ltd. (London, UK). IL-1 8 binding protein (IL-18BP) was produced as 
described (28). 

15 Culture of B16M cells, B16M cells were cultured, maintained and passaged as 

previously described (11). B16M conditioned medium (B16M-CM) was prepared as 
follows: 5x10^ cells were plated in a 25 cm^ T- flask and cultured for 24h. After which, 
cells were cultured for an additional period of 24 h in 5 ml serum-free medium (final 
cellular density of 6x1 0'* cells/cm^). Supernatants were collected, diluted 3:1 in fresh 

20 serum- free medium and passed through a 0.22 Im filter. 

Cytokine Analysis. Release of cytokines from primary cultured HSE cells and 
B16M cells was measured using specific ELISA kits based on anti-mouse IL-lp and 
TNF-a monoclonal antibodies, as suggested by the manufacturer (R&D Systems, 
Minneapolis, MN). 
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Example 1: Quantitative B16M Cell Adhesion to Primary HSE Cultures. 

HSE was separated from syngeneic mice, identified and cultured as previously described 
(26). B16M cells were labeled with 2\ 

7'-bis-(2-carboxyethyl)-5,6-carboxyfluorescein-acetoxymethylester solution 

5 (BCECF-AM, Molecular Probes, Eugene, OR) as reported (16). Then, 2x10^ cells/well 
were added to 24-well-plate cultured HSE and 8 min later, wells were washed three 
times with fresh medium. The number of adhering cells was determined using a 
quantitative method based on a previously described fluorescence measurement system 
(16). In some experiments, HSE cells were pre-incubated with B16M-CM for several 
1 0 hours before addition of B 1 6M cells. 

Example 2: Hepatic Metastasis Assay. Wild-type, IL-1|3"/" and ICE"/" male 
C57BL/6J mice were generated as previously described (27). Six- to eight-week-old 
mice, housed five per cage, were used. Hepatic metastases were produced by the 

15 intrasplenic injection into anesthetized mice (Nembutal, 50 mg/kg intraperitoneal) of 
3x1 05 viable B16 melanoma cells suspended in 0.1 ml Hanks' balanced salt solution. 
Mice were killed under anesthesia on the 10th day after the injection of cancer cells. 
Liver tissues were processed for histology. Densitometric analysis of digitalized 
microscopic images was used to discriminate metastatic B16M from normal hepatic 

20 tissue and the liver metastasis density, which is the number of metastases per 100 mm^ 
of liver (based on the mean number of foci detected in fifteen 10x10 mm^ sections per 
liver), was calculated using previously described stereological procedures (17). 
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Example 3: Reduced Metastasis and Growth of B16M Cells Injected into 
IL-IB and ICE Deficient Mice. Two independent experiments, one year apart, were 
performed using two different batches of same B16M cells intrasplenically injected in 

adult C57B1/6J wild-type, ICE"/" and IL-lp"/" mice. Necropsic inspection demonstrated 
visible melanotic tumors in the spleen from all assayed mice, without significant 
differences in size as evaluated by splenic weight (Table 1). In contrast, a marked 

decrease in metastasis occurred in IL-lp'/" and, specially, ICE"/" mouse livers compared 
to wild-type mouse livers (Fig. 1). A quantitative histological analysis on number and 
size of metastatic foci was carried out to determine metastasis density (as no, foci/100 
mm^) and volume (percent organ occupancy) parameters in studied mouse livers. 
Compared to wild-type mice (Table 1), hepatic metastasis density significantly (P<0.01) 

decreased in IL-lp"/" and ICE"/" mouse livers by 84%-to-90%, indicating that most of 
injected B16M cells were unable to implantate in hepatic tissue from these mice. In 

addition, metastasis volume also significantly (P<0.01) decreased in IL-IP"/" and ICE"/" 
mouse livers by 6-to-7-fold, as compared to values in wild-type mouse livers, indicating 
that B16M cells succeeding to colonize liver had also a reduced growth rate. We also 

observed a difference in these metastasis parameters between IL-lp"/" and ICE"/" mouse 

livers, leading to metastasis eradication in almost all ICE"/" mouse livers from 
experiment I (Fig. 1). 
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TABLE 1 



Quantitative histological analysis on the experimental hepatic colonization of 
intrasplenically-injected B16M cells in IL-l,""^" and ICE"^" mice 



Mouse Group 



Metastasis density 
(as no. foci/ 100 mm ) 



Metastasis volume 

(as % liver volume) 



Experiment I 

Wild-type mice 
66.18% 

IL-1 mice 
10.05% 

ICE'^' mice 

Experiment II 

Wild-type mice 
59.62% 

IL-lp '^'mice 
9.70% 

ICE'^' mice 
8.08% 



234.16±58.36 



25.18±21.02* 



13.56±16.20* 



198.40±100.54 



33.79±19.89* 



27.73±15.68* 



2.1% 



Data represent average values ±SD from two independent experiments (7 to 15 
mice per experimental group were used). 

^Differences that were statistically significant (two-sided, p<0.01) with respect 
to wild type mice employing the analysis of variance (ANOVA) and the 
Scheffe F-test, are indicated. 
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Example 4: Autocrine IL-18 Mediates TNF-a- and IL-IB-Induced 
Adhesiveness from B16M-CM-Activated HSE. B16M-CM significantly (P<0.01) 
increased HSE cell production of TNF-a and IL-lp, and their adhesiveness for other 
B16M cells in vitro (Fig. 2). Incubation of HSE with 10 fiM ICEi for 18 h completely 
5 abrogated B16M-CM-induced adhesiveness without decreasing TNF-a production from 
HSE. Exogenously added murine IL-lp did not compensate for the blocking effect of 
ICEi on HSE, which is in contrast to the significant B16M cell adhesion increase in 
IL-lp-treated control HSE (Fig. 3). The fact that B 1 6M-CM-induced adhesion 
enhancement was abolished in the presence of elevated concentrations of endogenously 

10 produced TNF-a and exogenously added IL-lp indicates that none of these cytokines 
directly upregulated HSE adhesiveness. Importantly, the presence of anti-murine IL-18 
antibody added to HSE before stimulation with B16M-CM prevented 
B16M-CM-induced adhesiveness without affecting induced IL-lp and TNF-a 
production from HSE (Fig. 2). Moreover, anti-IL-18 antibody also prevented 

15 adhesion-stimulating effects of murine IL-lp and TNF-a on HSE (Fig. 3), indicating that 
proadhesive actions of these cytokines on HSE were both IL-18-mediated. RT-PCR 
confirmed that HSE cells expressed IL-18 gene (data not shown). Conversely, murine 
IL-18 significantly (P<0,01) increased B16M cell adhesion to HSE (Fig. 4), and neither 
TNF-sR p55 nor IL-lRa were able to inhibit it, confirming that neither autocrine TNF-a 

20 nor IL-ip accounted for IL-18-induced HSE adhesiveness. However, as shown in Fig. 4, 
anti- VC AM- 1 antibody completely inhibited adhesion of B16M cells to IL-18-treated 
HSE. Control non-specific IgG did not affect the upregulation of B16M cell adhesion to 
IL-18-treated HSE. 

25 
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Example 5: IL-18BP prevents the adhesion of B16 melanoma cells induced 
by B16-conditioned medium. As shown in Table 2, the addition of IL-18BP to HSE 
stimulated with B16-CM reduced the percent of adhering cells from 35% to 8.70% 
(p<0.01). This represents a 100% inhibition since the level of adhesion was below the 
level of adhering cells using basal medium. This result suggests that endogenous IL-18 
from the HSE may be an endogenous source of IL- 1 8 in addition to that present in the 
B16M-CM. 



TABLE 2 



Inhibitory Effect of IL-IBP on B16-conditioned medium adhesion of B16 melanoma cells 

to Hepatic Sinsusoidal Endothelial Cells 



% Melanoma Cell Adhesion 
Basal medium 10.15=bl.5 
B16-CM 35.10±4.4 
B16-CM/IL-18BP (1 ng/ml) 15.00±2.5** 
B 1 6-CM/IL- 1 8BP ( 1 0 ng/ml) 8.70± 1 . 1 * * 

Data represent average values ±SD from 2 independent experiments done in sextuplicat 
(N=12) 

** Differences that were statistically significant (two-sided, p<0.01) with respect to 
B16-CM employing the analysis of variance (ANOVA) and the Scheffe F-test, are 
indicated. 
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CLAIMS: 

1. Use of inhibitors of IL-18 production and/or action in the preparation of medicaments 
to inhibit tumor metastasis. 

5 

2. The use according to claim 1 wherein the inhibitor of IL-18 production is a 
caspase-1 inhibitor. 

3- The use according to claim 1, wherein the inhibitor of IL-18 action is selected from 
10 antibodies against IL-18, antibodies against any of the IL-18 receptor subunits, 

inhibitors of the IL-18 receptor signaling pathway, antagonists of IL-18 which 
compete with IL-18 and block the IL-18 receptor, and IL-18 binding proteins, a 
mutein, fused protein, functional derivative, active fraction or circularly permutated 
derivative thereof which has the same activity. 

15 

4. The use according to claim 3, wherein the inhibitor of IL-18 action is an antibody to 
IL-18. 

5. The use according to claim 3, wherein the inhibitor of IL-18 action is a IL-18 BP, or 
20 a mutein, derivative or fragment thereof which has the same activity as IL-18BP. 

6. A pharmaceutical composition for inhibition of IL-18 production and/or action to 
inhibit tumor metastasis comprising antibodies against IL-18, antibodies against any 
of the IL-18 receptor subunits, inhibitors of the IL-18 receptor signaling pathway, 

25 antagonists of IL-18 which compete with IL-18 and block the IL-18 receptor, and 

IL- 1 8 binding proteins, a mutein, derivative or fragment thereof which has the same 
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activity, which bind IL-18 and block its biological activity. 

7. A pharmaceutical composition according to claim 6, comprising an antibody to 
IL-18. 

8. A pharmaceutical composition according to claim 6, comprising an IL-18 binding 
protein, a mutein, derivative or fragment thereof which has the same activity. 

9. The use of an expression vector coding for an inhibitor of IL-18 production and/or 
action in the preparation of medicaments to inhibit tumor metastasis. 



21 



1/4 



PCT/ILOO/00419 




Figure 1 



SUBSTTTUTE SHEET (RULE 26) 



wo 01/07480 



PCT/ILOO/00419 



LU 

cn 

X 

c U 
o o 

CO TJ 

f € 

■s < 

o ^ 



to 

T— 

m 



•— LU 

c w 

CO X 
c o 

T— 

0) X 
Q. T- 



a 
u. 



(0 



c 
a. 



o 

T— 

X 
Q. 



80 



60 



40 



^ 20 



0 



200- 



100 



0 



=S 1.500 



1,000- 



500 



0- 




2/4 



* 




B 





Basal 
Medium 



ICEi Anti-IL-18 



B16M-CM-treated HSE 



Figiire 2 



SUBSTITUTE SHEET (RULE 2B) 



wo 01/07480 



PCT/ILOO/00419 



3/4 




o 



CO 



c 

< 



LU 
CO 
X 

a 

cS 
o 



4c 



CD 




GO 



c 

< 



LU 
CO 
X 

TJ 
0) 

03 
O 





T3 
0) 

"co 
o 

"5 

I 

LU 
O 



_ £ 



C3 



0) 



LU 
CO 
X 

T3 

0) 
^— • 

cn 

CD 



O 

CO 

m 



o 
oo 



o 

CD 



o 



o 

Osj 



(siieo pajaqpv %) 
3SH uoisaqpe i|3o miQ 



Figure 3 



SUBSTITUTE SHEET (RULE 26) 



wo 01/07480 



PCT/ILOO/00419 



4/4 



LU 
CO 
X 

o 



60 n 



^ 50 - 

CO 



5 ^ 
o u 

"co -a 
o o 

=§1 

o < 

m 



40 - 



30 - 



20 - 



10 - 



0- 



Basal 
Medium 



TNFbp IL-1 Ra 



Anti- 
VCAM-I 



IL-18-treated HSE 



Figure 4 



SUBSTITUTE SHEET (RULE 26) 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 




llilllllllllllillllllllllllllllllllllllllllli 



(43) International Publication Date (10) International Publication Number 

1 February 2001 (01.02.2001) pCT WO 01/07480 A3 



(51) International Patent Classification^: A61K 38/17, 

39/395, 31/00, 48/00 

(21) International Application Number: PCT/ILOO/00419 

(22) International FiUng Date: 17 July 2000 (17.07.2000) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 

131047 



22 July 1999 (22.07. 1999) IL 



(71) Applicant (for all designated States except US): YEDA 
RESEARCH AND DEVELOPMENT CO. LTD. 
[IL/IL]; Weizmann Institute of Science, P.O. Box 95, 
76100 Rehovot (IL). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): DINARELLO, 
Charles [US/US]; 333 15th Street, Boulder, CO 80302 
(US). 

(74) Agent: EEVAV, Henry; Inter-Lab Ltd., Science-based In- 
dustrial Park, Kiryat Weizmann, 761 10 Ness-Ziona (IL). 



(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CR, CU, CZ, 
DE, DK, DM, DZ, EE, ES, FI, GB, GD, GE, GH, GM, HR, 
HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, 
LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ, 
NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM, 
TR, TT, TZ, UA, UG, US, UZ, VN, YU, ZA, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, 
IT, LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG, 
CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— With international search report. 

(88) Date of publication of the international search report: 

10 May 2001 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations " appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



00 



Q (54) Title: USE OF INTERLEUKIN-18 INHIBITORS TO INHIBIT TUMOR METASTASIS 



(57) Abstract: Use of IL-18 inhibitors to inhibit tumor metastasis is disclosed. Use of IL-18 binding protein (IL-18BP) is preferred. 



INTERNATIONAL SEARCH REPORT 



lnt& ional Application No 

PCT/IL 00/00419 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 A61K38/17 A61K39/395 A61K31/00 A61K48/00 



According to International Patent Classification (IPC) or to both national classification and IPG 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system foflowed by classification symbols) 

IPC 7 A61K 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 

BIOSIS, MEDLINE, EPO-Internal , WPI Data, PAJ, CHEM ABS Data 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category = 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



wo 98 41232 A (BASF AG ;CARTER ADAM (US); 
SEKUT LES (US); GHAYUR TARIQ (US); TRAC) 
24 September 1998 (1998-09-24) 
line 33-38 



6-9 



page 2, 
page 3, 
page 6, 
page 7, 
page 8, 
page 9, 



line 1,2 

line 18-20 

line 18-23 

line 11-21 



-line 26-38 



line 1-12 
page 70, line 1-35 
page 76, line 17-19 
page 78 -page 80 
claims 2-5,77,80,81 



-/-- 



Further documents are listed in the continuation of box C. 



Patent family members are listed In annex. 



° Special categories of cited documents : 

'A' document defining the general state of the art which is not 
considered to be of particular relevance 

'E' earlier document but published on or after the international 
filing date 

'L' document which may throw doubts on priority clalm(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or 
other means 

'P' document published prior to the international filing date but 
later than the priority date claimed 



"T" later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

'X' document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y" document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

■&" document member of the same patent family 



Date of the actual completion of the international search 



26 January 2001 



Date of mailing of the international search report 



16. 02.01 



Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL - 2280 HV Rijswijk 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl. 
Fax: (+31-70) 340-3016 



Authorized officer 



Mennessier, T 



Form PCT/lSA/210 (second sheet) (July 1992) 



page 1 of 3 



INTERNATIONAL SEARCH REPORT 


InU jonal Application No 




PCT/IL 00/00419 


C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 


Category 


Citation of document, with indication.where appropriate, of the relevant passages 


Relevant to claim No. 


X 


WO 99 09063 A (RUBINSTEIN MENACHEM ;KIM 


6,8 




SOO HYUN (IL); NOVICK DANIELA (IL); YEDA) 






25 February 1999 (1999-02-25) 






page 4, line 11-14 






page 24, line 26-31 






page 25, line 1-21 






page 37 -page 41; examples 5-7 






page 42 -page 43; examples 9-11 






claims 33,35 




X 


EP 0 850 952 A (HAYASHIBARA BIOCHEM LAB) 


6 




1 July 1998 (1998-07-01) 






page 2, line 45,46 






page 5, line 29-58 






page 6, line 1-20 - line 31-58 






page 7, line 23-33 






page 10; examples 3-2C 






page 15, line 20-33 






claim 25 




A 




VIDAL-VANACLOCHA, F. (1) ET AL: "Reduced 


1-9 




metastasis and growth of B16 melanoma in 






mice deficient in IL-lbeta-converting 






enzyme (ICE) compared to 






IL-lbeta-deficient mice." 






CYTOKINE, (NOV., 1997) VOL. 9, NO. 11, PP. 






897. ABTRACT 30. MEETING INFO.: FIFTH 






ANNUAL CONFERENCE OF THE INTERNATIONAL 






CYTOKINE SOCIETY LAKE TAHOE, NEVADA, USA 






NOVEMBER 9-13, 1997 INTERNATIONAL CYTOKIN 






SOCIETY. , 






XP000973455 






the whole document 




A 


PAGES F ET AL: "Control of tumor 


1-9 




development by intratumoral cytokines." 






IMMUNOLOGY LETTERS, (1999 MAY 3) 68 (1) 






135-9. REF: 26 , 






XP002129058 






page 137, right-hand column, paragraph 3 




A 


DINARELLO, CHARLES A. (1) ET AL: 


1-9 




"Overview of i nterleukin-18: More than an 






interferon-gamma inducing factor" 






JOURNAL OF LEUKOCYTE BIOLOGY, (JUNE, 1998) 






VOL. 63, NO. 6, PP. 658-664. , 






XP000973451 






the whole document 






-/— 





Form PCT/iSA/210 (continuation of second sheet) (July 1992) 



page 2 of 3 



INTERNATIONAL SEARCH REPORT 



Int tional Application No 

PCT/IL 00/00419 



C.(Continuatlon) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category " 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



p,x 



VIDAL-VANACLOCHA F ET AL: "IL-18 
regulates IL-lbeta-dependent hepatic 
melanoma metastasis via vascular cell 
adhesion molecule-1." 
PROCEEDINGS OF THE NATIONAL ACADEMY OF 
SCIENCES OF THE UNITED STATES OF AMERICA, 
(2000 JAN 18) 97 (2) 734-9. , 

XP002141330 
the whole document 



1-9 



1 

Form PCT/iSA/210 (continuation of second sheet) (July 1992) 



page 3 of 3 



INTERNATIONAL SEARCH REPORT 



iternational application No. 
PCT/IL 00/00419 



Box I Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 

This International Search Report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons: 
1 . I I Claims Nos.: 

because they relate to subject matter not required to be searched by this Authonty, namely: 



Claims Nos.: 

because they relate to parts of the international Application that do not comply with the prescribed requirements to such 
an extent that no meaningful International Search can be carried out, specifically: 

see FURTHER INFORMATION sheet PCT/ISA/210 



3. I I Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 

Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 

This International Searching Authority found multiple inventions in this international application, as follows: 



1 . I I As all required additional search fees were timely paid by the applicant, this International Search Report covers all 
' ' searchable claims. 

2. I I As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 

of any additional fee. 



3. I I As only some of the required additional search fees were timely paid by the applicant, this International Search Report 
' ' covers only those claims for which fees were paid, specifically claims Nos.: 



4. I I No required additional search fees were timely paid by the applicant. Consequently, this International Search Report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



Remark on Protest | | The additional search fees were accompanied by the applicant's protest. 

I I No protest accompanied the payment of additional search fees. 



Form PCT/ISA/210 (continuation of first sheet (1)) (July 1998) 



International Application No. PCT/EL 00 /)0419 



FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210 



Continuation of Box 1.2 



As it cannot be inferred from the description which precise compounds are 
meant under the expression "inhibitors of the IL18 receptor signaling 
pathway" as used in claim 6, a meaningful search could not be carried 
out, insofar as said claim is directed to a pharmaceutical composition 
comprising such an inhibitor, because the said expression may encompass 
compounds already used as the active ingredient of a pharmaceutical 
composition which could not be identified when performing the search. 
Claim 6 has been searched taking into account all the other aspects of 
its subject-matter. 

The applicant's attention is drawn to the fact that claims, or parts of 
claims, relating to inventions in respect of which no international 
search report has been established need not be the subject of an 
international preliminary examination (Rule 66.1(e) PCT). The applicant 
is advised that the EPO policy when acting as an International 
Preliminary Examining Authority is normally not to carry out a 
preliminary examination on matter which has not been searched. This is 
the case irrespective of whether or not the claims are amended following 
receipt of the search report or during any Chapter II procedure. 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



\ntK. .national Application No 

PCT/IL 00/00419 



Patent document 
cited in search report 


nUDIICallOn 

date 


Patent family 
member(s) 


date 


wo 9841232 A 


24-09-1998 


1 1 

us 


605448/ 


A 


25-04-2000 






A 1 1 

AU 


£ ic n A no 
0760490 


A 


12-10-1998 






BG 


103808 


A 


31-07-2000 






BR 


9810409 


A 


22-08-2000 






CN 


1269722 


T 


11-10-2000 






EP 


0998300 


A 


10-05-2000 






ES 


2146192 


T 


01-08-2000 






NO 


994506 


A 


17-11-1999 






PL 


336464 


A 


19-06-2000 






SI 


20110 


A 


30-06-2000 



WO 9909063 A 25-02-1999 



AU 


8746098 


A 


08- 


■03- 


-1999 


BG 


104149 


A 


31- 


■08- 


-2000 


BR 


9811940 


A 


05- 


-09- 


-2000 


CN 


1267307 


T 


20- 


-09- 


-2000 


DE 


1003781 


T 


11- 


-01- 


-2001 


EP 


1003781 


A 


31- 


-05- 


-2000 


ES 


2149149 


T 


01- 


-11- 


-2000 


NO 


20000700 


A 


14- 


-04- 


-2000 


PL 


338647 


A 


06- 


-11- 


-2000 



EP 0850952 A 01-07-1998 AU 4922497 A 02-07-1998 

CA 2219963 A 26-06-1998 
JP 11100400 A 13-04-1999 



Form PCT/iSA/210 (patent family annex) (July 1992) 



